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O (^7) Abstract: The invention relates to a spool piece termination structure to be mounted to a spool piece so as to support a spool 
O piece hub during the connection of the spool piece hub to a corresponding pipeline hub. The termination structure (5) comprises a 
^ clamping device (3) for clamping together said spool piece hub and pipeline hub, and a base frame (7) openly shaped downwards so 
^ as to allow the termination structure (5) to receive a pipeline end section provided with said pipeline hub by lowering the teimination 
^ structure (5) downwards onto said pipeline end section. The invention also relates to a connection arrangement comprising such a 
1^ spool piece termination structure (5) and a method for subsea connection of a pipeline to a spool piece. 
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A spool piece termination structure, a connection ar- 
rangement comprising such a termination structure 
and a pipeline termination 

FIELD OF THE INVENTION AND PRIOR ART 

The present invention relates to spool piece termination structure 
according to the preamble of claim 1 and a connection arrange- 
ment for subsea connection of a pipeline to a spool piece com- 
prising such a termination structure. The Invention also relates to 
a method according to the preamble of claim 20 for subsea con- 
nection of a pipeline to a spool piece. The invention also relates 
to a pipeline termination according to the preamble of claim 26. 

Development within offshore oil and gas exploration in the recent 
years has been directed to subsea installations for processing 
and transport of oil and gas. These subsea installations replace 
the traditional platforms, where oil and gas was transported up to 
the platform for further processing and transport. This develop- 
ment of subsea production, processing and transport systems 
has resulted in an increasing need for subsea connection ar- 
rangements for coupling together a longer pipeline installed on 
the seabed and a so-called spool piece without requiring any as- 
sistance of divers. A spool piece is used for connecting a pipe- 
line termination to a pipe termination of a subsea installation, 
such as e.g. a subsea production or injection well. The spool 
piece is designed to span between the end points of the pipeline 
termination and said pipe termination in order to complete a con- 
nection between the pipeline and said pipe. The spool piece is 
provided with a spool piece hub which is to mate with a corre- 
sponding pipeline hub arranged at the pipeline termination. 

A pipeline connection arrangement and method for subsea con- 
nection of a pipeline to a spool piece is previously known from 
US 4 019 334 A. The spool piece hub is here attached to a foun- 
dation arranged on the seabed. The pipeline hub is secured to a 
trunnion assembly and is installed on the subsea foundation by 
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being lowered together with the trunnion assembly downwards 
from a surface vessel guided by a guide cable. After the pipeline 
hub and the trunnion assembly have been landed on the subsea 
foundation and secured thereto, a remotely operated connecting 
5 tool is lowered downwards from the surface vessel and is oper- 
ated to displace the spool piece hub into engagement with the 
pipeline hub, whereupon the connecting tool is operated to actu- 
ate a clamping device so as to clamp together the spool piece 
hub and the pipeline hub. The connecting tool is then retrieved to 

10 the surface vessel. This known connection arrangement and 
method require that the spool piece and the subsea foundation 
are Installed on the seabed before the pipeline is laid out on the 
seabed and the pipeline end section provided with the pipeline 
hub has to be secured to the subsea foundation before the re- 

15 maining part of the pipeline is laid out on the seabed. Conse- 
quently, this known connection arrangement and method are not 
appropriate for use when connecting a spool piece to a pipeline 
that has previously been laid on the seabed. 

20 Another pipeline connection arrangement for subsea connection 
of a pipeline to a spool piece is previously known from 
US 6 142 708 A. The pipeline hub is here secured to a landing 
platform, which is to be lowered onto the seabed from a surface 
vessel. The spool piece hub is secured to a connecting tool, 

25 which is lowered downwards onto the landing platform so as to 
come to rest thereon, whereupon the connecting tool is operated 
to displace the spool piece hub into engagement with the pipeline 
hub. The pipeline hub Is secured to the rather complex and bulky 
landing platform before being lowered Into the sea from a surface 

30 vessel. The lay ramp and other equipment of the pipe-laying ves- 
sel have to be adapted and dimensioned for enabling manipula- 
tion and lay out of the landing platform. This will raise the costs 
for the pipe-laying vessel and reduce the number of vessels 
available for the pipe-laying operation, which could cause high 

35 costs for performing the pipe-laying operation. 



I 



wo 2004/106696 PCT/IB2004/001762 

3 

SUMMARY OF THE INVENTION 

The object of the present Invention is to make possible subsea 
connection of a pipeline to a spool piece, without requiring any 
5 complex and/or bulky equipment to be attached to the pipeline 
hub before it is descended into the sea from a surface vessel. 

According to the invention, this object is achieved by a spool 
piece termination structure having the features of claim 1 , a con- 
10 nection arrangement having the features of claim 6 and a method 
having the features of claim 20. 

The spool piece termination structure according to the invention 
comprises a base frame, which is openly shaped downwards so 

15 as to allow the termination structure to receive a pipeline end 
section provided with a pipeline hub by lowering the termination 
structure downwards onto said pipeline end section. After the re- 
ceipt of the pipeline end section in the termination structure, the 
actual connection of the pipeline hub to the spool piece hub may 

20 be performed by displacing the pipeline hub and the spool piece 
hub with the clamping device in relation to each other so as to 
bring the pipeline hub and the spool piece hub into contact with 
each other, whereupon the clamping device is activated so as to 
clamp together the pipeline hub and the spool piece hub. Conse- 

25 quently, the initial connection between the pipeline hub and the 
spool piece termination structure is accomplished by lowering the 
termination structure downwards onto the pipeline hub. Thus, the 
entire pipeline may be laid on the seabed before the measures of 
connecting the pipeline to the spool piece are initiated. With the 

30 solution according to the invention, no landing platform or similar 
structure has to be secured to the pipeline end section when It is 
descended from the pipe-laying vessel, which will facilitate the 
pipe-laying operation and allow the pipeline to be laid out by 
means of a conventional pipe-laying vessel. Thus, the inventive 

35 solution will reduce the demands on the pipe-laying vessel with 
respect to its equipment as compared to the prior art solutions 
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where a landing platform or the similar is secured to the pipeline 
before it leaves the pipe-laying vessel. 

According to a preferred embodiment of the connection arrange- 
5 ment according to the invention, the alignment structure is de- 
signed to receive at least a part of a rotationally symmetric 
flange of a pipeline end section. Hereby, the alignment structure 
may receive the pipeline end section flange irrespective of the 
roll angle of the pipeline end section and the associated pipeline 

10 hub. Consequently, the roll angle of the pipeline end section and 
the associated pipeline hub is of no importance during the instal- 
lation of the pipeline on the seabed and during the subsequent 
operations for connecting the pipeline hub to the spool piece 
hub. Thus, the pipeline end section and the associated pipeline 

15 hub may be laid on the seabed with arbitrary roll angle, which will 
facilitate the pipe-laying operation. 

According to another preferred embodiment of the connection ar- 
rangement according to the invention, the termination structure 

20 and alignment structure are provided with corresponding align- 
ment members which are designed to come into contact with 
each other when the alignment structure and clamping device are 
displaced towards each other so as to reduce the angle between 
the hub mating faces. Hereby, the pipeline hub will automatically 

25 be sufficiently aligned with the spool piece hub to meet the clos- 
ing capture range of the clamping device when they have been 
displaced towards each other. 

According to another preferred embodiment of the connection ar- 
30 rangement according to the invention, one of the alignment 
structure and termination structure is provided with at least one 
male-like alignment member, preferably In the form of a spear, 
which is designed to fit into a corresponding female-like align- 
ment member, preferably in the form of a spear funnel, arranged 
35 on the other of said structures. This will provide a co-axial 
alignment so as to allow the mutual alignment shoulder/recess 
arrangement of the hubs perform the final alignment and load 
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transfer. The respective male-like alignment member is prefera- 
bly displaceably mounted in the associated structure so as to al- 
low the alignment member to be retracted out of the correspond- 
ing female-like alignment member without having to displace the 
5 entire alignment structure in relation to the termination structure. 
This will facilitate the retrieval to the surface of the alignment 
structure after the completion of the connection between the 
pipeline hub and the spool piece hub. 

10 Further advantages as well as advantageous features of the 
spool piece termination structure, the connection arrangement 
and the method according to the present invention will appear 
from the following description and the dependent claims. 

15 The invention also relates to a pipeline termination having the 
features of claim 26. The design of the pipeline termination with 
a flange located behind the pipeline hub will allow the pipeline 
termination to be manipulated sub-sea during the operations for 
connecting the pipeline hub to a corresponding spool piece hub, 

20 without requiring any complex and/or bulky equipment to be at- 
tached to the pipeline termination before It is descended into the 
sea from a surface vessel. 

According to a preferred embodiment of the pipeline termination 
25 according to the invention, said flange is rotationally symmetric. 
Hereby, the roll angle of the pipeline termination is of no impor- 
tance during the installation of the pipeline on the seabed and 
during the subsequent operations for connecting the pipeline hub 
to the spool piece hub. Thus, the pipeline termination may be laid 
30 on the seabed with arbitrary roll angle, which will facilitate the 
pipe-laying operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 With reference to the appended drawings, a specific description 
of preferred embodiments of the invention cited as examples fol- 
lows below. 
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In the drawings: 

Fig 1 is a perspective view of a spool piece termination 
5 structure according to a first embodiment of tiie inven- 

tion, 

Fig 2 Is a perspective view of the rear section of an align- 
ment structure intended for co-operation with the ter- 
10 mination structure of Fig 1, 

Fig 3 Is a perspective view of the alignment structure of Fig 
2, as seen from the opposite direction, 

15 Fig 4 is a vertical cross section through the centre of the 
alignment structure of Figs 2 and 3, 

Fig 5-7 are schematlcal Illustrations of different stages in a 
method for subsea connection of a pipeline to a spool 
20 piece by means of the termination structure of Fig 1 

and the alignment structure of Figs 2-4, 

Fig 8 IS a perspective view of a spool piece termination 
structure according to a second embodiment of the In- 
25 ventlon, and 

Figs 9-15 are schematlcal Illustrations of different stages In a 
method for subsea connection of a pipeline to a spool 
piece by means of the termination structure of Fig 8. 



30 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF 
THE INVENTION 



35 



A spool piece termination structure 5 according to a first em- 
bodiment of the present invention is shown In Fig 1. The termina- 
tion structure 5 is Intended for use in subsea connection of a 
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pipeline 1 (see Figs 5-7) to a spooi piece 2 and comprises a 
clamping device 3 for clamping togetlier a pipeline hub 1a (see 
Figs 5-7) secured to the end of the pipeline and a corresponding 
spool piece hub 2a secured to the end of the spool piece. The 
5 spool piece hub 2a and the associated spool piece 2 are to be 
mounted to the termination structur.e 5 before being lowered into 
the sea from a surface vessel. Thus, the spool piece hub and the 
spool piece are mounted to the termination structure before the 
performance of a connecting operation. In the illustrated em- 

10 bodiment, the clamping device 3 Is attached to a vertical base 
plate 6 forming part of the body of the termination structure. The 
termination structure 5 comprises a base frame 7, which is 
openly shaped downwards so as to allow the termination struc- 
ture 5 to receive a pipeline end section 1b (see Figs 5-7) pro- 

15 vided with a pipeline hub 1a by lowering the termination structure 
5 downwards onto said pipeline end section. In the illustrated 
embodiment, the base frame 7 comprises two cantilever beams 
8a, 8b extending from the plate 6 below and on either side of the 
clamping device 3. The cantilever beams are Intended to extend 

20 essentially in parallel with a pipeline end section properly re- 
ceived In the termination structure. The clamping device 3 is 
preferably fixedly secured in relation to the base frame 7 so as to 
be dispiaceable together with the base frame 7 and the other 
parts of the termination structure 5. 

25 

The termination structure 5 comprises a guiding device 9 for en- 
gaging the pipeline end section when received in the termination 
structure so as to secure that the pipeline end section and the 
associated pipeline hub are properly received and positioned in 

30 the termination structure. In the Illustrated embodiment, the guid- 
ing device consists of a yoke 9 having inverted U-shape with a 
downwardly directed opening for receiving a pipeline end section. 
The yoke 9 has its legs 9a, 9b secured to the outer ends of the 
cantilever beams 8a, 8b so as to bridge the gap between said 

35 beams. The pipeline end section is to enter the termination struc- 
ture 5 via the open space between the cantilever beams 8a, 8b 
when the termination structure is lowered onto it. The bottom 9c 
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Of the yoke 9 is intended to come to bear against a pipeline end 
section received in the termination structure 5 so as to secure 
that the pipeline end section and the associated pipeline hub are 
positioned in front of the clamping device 3 in the space between 
5 the cantilever beams 8a, 8b and the yoke 9. 

The guiding device 9 is preferably provided with releasable lock- 
ing means 10 for locking a pipeline end section in relation to the 
termination structure 5 when received therein. The locking means 

10 10 are suitably designed to engage with a sleeve member 1c 
(see Figs 5-7) arranged on the pipeline end section fixedly se- 
cured in relation to the pipeline hub la so as to thereby lock the 
pipeline end section lb and the pipeline hub 1a In relation to the 
termination structure 5 in a predetermined axial position. In the 

15 illustrated embodiment, the locking means 10 comprise two pivo- 
table locking arms 10a, 10b, which are pivotable into and out of 
engagement with said sleeve 1c and which are arranged at the 
bottom part 9c of the yoke 9. 

20 The termination structure 5 illustrated in Fig 1 is intended to co- 
operate with an alignment structure 20 designed to be connect- 
able to a pipeline end section 1b received In the termination 
structure 5 by being lowered downwards onto said pipeline end 
section so as to come to bear against it. The alignment structure 

25 20 is designed to receive, when it is lowered downwards onto the 
pipeline end section lb, at least a part of a flange Id (see Figs 5 
and 6) of the pipeline end section received in the termination 
structure 5. Said flange Id is fixedly secured in relation to the 
pipeline hub 1a and Is preferably rotationally symmetric, in the 

30 Illustrated embodiment, the alignment structure 20 Is provided 
with a housing 21 of inverted U-shape with a downwardly di- 
rected opening for receiving said pipeline end section flange Id. 
The alignment structure 20 comprises an alignment device 22 for 
properly aligning said flange Id and thereby the pipeline hub la 

35 in relation to the alignment structure when received therein. The 
alignment device comprises at least one force applying member 
22a for forcing a received pipeline end section flange Id against 
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an abutment 23 of the alignment structure. In the Illustrated em- 
bodiment, said abutment is formed by a wall 23 of the housing 
21. The alignment device preferably comprises at least three 
force applying members 22a spaced apart in the circumferential 

5 direction of a received pipeline end section flange 1d for forcing 
said flange against the abutment 23. In the illustrated embodi- 
ment, the respective force applying member 22a comprises a 
push member, which is displaceably mounted in the alignment 
structure 20 and is displaceable by means of a hydraulic cylinder 

10 24 arranged in the alignment structure. 

The alignment structure 20 and clamping device 3 are designed 
to be displaceable in relation to each other when the alignment 
structure has come to bear against a pipeline end section 1b re- 

15 ceived in the termination structure 5 so as to allow the pipeline 
hub la and the clamping device 3 to be mutually displaced into 
contact with each other. This will be more closely described be- 
low with reference to Figs 5-7. The termination structure 5 and 
alignment structure 20 are provided with corresponding align- 
.20 ment members 15, 25 which are designed to come into contact 
with each other when the alignment structure 20 and clamping 
device 3 are displaced towards each other so as to properly 
align the pipeline hub la in relation to the spool piece hub 2a. 
One of the alignment structure and termination structure is 

25 suitably provided with at least one male-like alignment member 
25, preferably in the form of a spear, which is designed to fit into 
a corresponding female-lilce alignment member 15, preferably in 
the form of a spear funnel, arranged on the other of said struc- 
tures. The respective male-like alignment member 25 is prefera- 

30 biy displaceably mounted in the associated structure 20 so as to 
allow the alignment member 25 to be retracted out of the corre- 
sponding female-like alignment member 15 without having to 
displace the entire alignment structure 20 in relation to the ter- 
mination structure 5. The respective male-like alignment member 

35 25 is preferably displaceable by means of a hydraulic cylinder 
arranged in the associated structure. In the illustrated embodi- 
ment, the alignment structure is provided with two displaceably 
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mounted alignment spears 25 arranged in tlie alignment struc- 
ture 20 so as to be located below and on either side of tlie cen- 
tre line of a pipeline end section lb onto which the alignment 
structure 20 has been lowered. The respective spear 25 is dis- 
5 placeable by means of a hydraulic cylinder 28 arranged in the 
alignment structure 20. The termination structure 5 is here pro- 
vided with two spear funnels 15 for receiving a respective one of 
the alignment spears 25. The spear funnels 15 are located on ei- 
ther side of the centre line of a spool piece hub 2a mounted to 

10 the termination structure 5. The respective spear funnel 15 is 
here attached to the vertical base plate 6 of the termination 
structure. The respective alignment member 25 of the alignment 
structure 20 is preferably designed to abut against the corre- 
sponding alignment member 15 of the termination structure 5 

15 when the clamping device 3 has been displaced into contact with 
the pipeline hub so as to align the hub mating faces prior to their 
mutual contact for final alignment. 

The alignment structure 20 is preferably also provided with at 
20 least two stop members 26, which are arranged in the alignment 
structure so as to be located above and on either side of the cen- 
tre line of a pipeline end section onto which the alignment struc- 
ture 20 has been lowered. The respective stop meniber 26 is de- 
signed to abut against a corresponding stop member 16 of the 
25 termination structure 5 when the clamping device 3 is displaced 
into contact with the pipeline hub la so as to reduce the angle 
between the hub mating faces. Hereby, the pipeline hub la will 
automatically be sufficiently aligned with the spool piece hub 2a 
to meet the closing capture range of the clamping device. In the 
30 illustrated embodiment, the alignment structure 20 and the termi- 
nation structure 5 are each provided with two such stop members 
26, 16 in addition to the corresponding function Included in the 
alignment members 25, 15. 

35 The termination structure 5 and the alignment structure 20 are 
provided with means for receiving a remotely operated connect- 
ing tool provided with force applying means, preferably in the 
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form of hydraulic cylinders, for displacing the alignment structure 
20 and the clamping device 3 in relation to each other. The 
clamping device 3 is preferably designed to be displaced in rela- 
tion to the alignment structure 20 by being displaced together 

5 with the other parts of the termination structure 5 in relation to 
the alignment structure. In the illustrated embodiment, the align- 
ment structure 20 and the termination structure 5 are each pro- 
vided with slots 27, 17 for docketing of hydraulic cylinders of the 
connecting tool to said structures. The connecting tool may also 

10 be provided with torque applying device 32 preferably hydrauli- 
cally operated, for actuating the clamping device 3 so as to 
clamp together the pipeline hub la and the spool piece hub 2a. 
Alternatively, the torque applying device may be installed sepa- 
rately. The alignment structure 20 could form part of the connect- 

15 ing tool or the connecting tool could, alternatively, be designed 
as a separate unit that is lowered downwards into engagement 
with the alignment structure 20 and the termination structure 5 
after the positioning of the termination structure and the align- 
ment structure onto a pipeline end section. The termination struc- 

20 ture 5 is provided with guiding means 18 designed to co-operate 
with corresponding guiding means on the connecting tool so as 
to guide the connecting tool Into a correct position In relation to 
the termination structure when the connecting tool Is lowered 
downwards into engagement with the termination structure. In the 

25 illustrated embodiment, said guiding means of the termination 
structure 5 comprises two guide post receptacles 18 arranged in 
the termination structure 5 so as to be located on either side of 
the spool piece hub 2a. The respective guide post receptacle 18 
Is Intended to receive a guide post, by means of which the con- 

30 necting tool is guided into engagement with the termination struc- 
ture 5. 

Pipeline terminations 1e according to the present invention are 
shown in Fig 5 and Fig 9. The respective pipeline termination 1e 
35 is to be applied to the end section lb of a pipeline 1 so as to al- 
low the pipeline 1 to be connected sub-sea to a spool piece 2. 
The pipeline termination 1e comprises a pipeline hub 1a de- 
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signed for connection to a corresponding spool piece hub 2a. 
Tlie pipeline termination 1e further comprises a flange 1d located 
behind the pipeline hub la and designed to constitute a reaction 
shoulder for use in the alignment and displacement of the pipe- 
5 line termination 1e and the associated pipeline hub la in relation 
to said spool piece hub 2a, as described in closer detail below. 
Said flange Id is fixedly secured in relation to the pipeline hub 
la and is preferably rotationally symmetric. The pipeline termina- 
tion 1e is designed for co-operation with a connection arrange- 
10 ment according to the present invention. 

The operation of a connection arrangement comprising the 
above-described termination structure 5 and alignment structure 
20 is schematically illustrated in Figs 5-7. The pipeline 1 pro- 

15 vided with a pipeline hub la, a flange 1d and alternatively a 
sleeve member 1c at the end section lb is initially laid on the 
seabed. The pipeline end section lb is to be supported by a suit- 
able support, such as a rock heap or a fabricated support struc- 
ture, so as to make sure that the pipeline end section lb is ele- 

20 vated from the seabed. Subsea metrology Is then carried out be- 
tween the pipeline hub la and the permanent subsea Installation 
to which the pipeline is to be connected. The results of the sub- 
sea metrology are used to complete the geometry of the spool 
piece 2, which is mounted to the spool piece termination struc- 

25 ture 5. A guide line 40 will in this option be connected to the 
sleeve member 1c of the pipeline. The termination structure 5 is 
attached to a lifting device 41 provided with a guide member 42. 
The guide member 42 of the lifting device 41 is connected to the 
guide line 40 and the lifting device 41 is together with the terml- 

30 nation structure 5 and the associated spool piece 2 lowered Into 
the sea, e.g. from a surface vessel, and guided towards the pipe- 
line end section lb, as Illustrated in Fig 5. The termination struc- 
ture 5 and the lifting device 41 are lowered downwards until the 
pipeline end section lb is received between the cantilever beams 

35 8a, 8b and the guiding device 9 of the termination structure abuts 
against the sleeve member 1c, as illustrated in Fig 6. The locking 
means 10 will align and lock the sleeve member 1c, and thereby 
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the pipeline end section, axially In relation to the termination 
structure 5 in a preliminary parking position. The lifting device 41 
is then disconnected from the termination structure 5 and re- 
trieved to the surface. The alignment structure 20 Is then lowered 
5 downwards, e.g. from said surface vessel, Into engagement with 
the flange Id of the pipeline end section together with a connect- 
ing tool (not shown), whereupon the alignment device 22 Is actu- 
ated so as to properly align the pipeline end section flange Id In 
relation to the alignment structure 20. Alternatively, the connect- 

10 Ing tool may be lowered into contact with the alignment structure 
20 and the termination structure 5 after the positioning of the 
alignment structure onto the pipeline end section. Thereafter, the 
connecting tool Is actuated so as to displace the termination 
structure 5 and thereby the clamping device 3 towards the allgn- 

15 ment structure 20. Before this displacement is carried out, the 
sleeve member 1c has been released from the locking means 10 
so as to allow the termination structure 5 to slide along the pipe- 
line 1. When the spool piece hub with the clamping device 3 has 
been displaced into engagement with the pipeline hub la, the 

20 torque applying device Is made to actuate the clamping device 3 
so as to clamp together the pipeline hub la and the spool piece 
hub 2a, whereupon the alignment spears 25 are withdrawn from 
the respective spear funnel 15 and the connecting tool and the 
alignment structure 20 are retrieved to the surface. 

25 

An alternative embodiment of a spool piece termination structure 
5 according to the invention is illustrated in Fig 8. Details of the 
termination structure 5 illustrated In Fig 8 and other details of the 
connection arrangement illustrated in Figs 9-15 are in Fig 8-15 
30 Indicated with the same reference signs as the corresponding de- 
tails of the termination structure and connection arrangement Il- 
lustrated in Figs 1-7. 

The main difference between the termination structure 5 of Fig 8 
35 and the termination structure of Fig 1 is that the termination 
structure of Fig 8 is provided with a lifting appliance 50 for lifting 
a pipeline end section lb (see Figs 9-11) received in the termlna- 
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tion Structure 5 upwards in relation to the base frame 7 in order 
to align the pipeline hub 1a with the clamping device 3 through 
an active and more controllable operation. Alternatively, the lift- 
ing appliance 50 could be a separately installed unit or included 
5 in the alignment structure 20 or the connecting tool 30. This will 
allow the pipeline end section lb and the associated pipeline hub 
1a to be positioned directly onto the seabed or onto a fabricated 
subsea foundation. Furthermore, in the termination structure 5 of 
Fig 8, a guiding device 51 for engaging the pipeline end section 

10 1b when received in the termination structure 5 so as to secure 
that the pipeline end section and the associated pipeline hub la 
are properly received and positioned in the termination structure 
5 is designed to engage with the pipeline end section flange 1d. 
The guiding device 51 here comprises two pairs of guide plates 

15 51a, 51b attached to the cantilever beams 8a, 8b. A slot 52 for 
receiving said flange Id is provided between the two guide plates 
51a, 51b of the respective guide plate pair. Said slot has a ta- 
pered, downwardly directed opening. The cantilever beams 8a, 
8b will here constitute landing means for allowing the termination 

20 structure to rest on the seabed or on a fabricated subsea founda- 
tion, in the illustrated embodiment, the lifting appliance 50 is at- 
tached to a yoke 53 having inverted U-shape with a downwardly 
directed opening for receiving a pipeline end section. The yoke 
53 has its legs 53a, 53b secured to the outer ends of the cantile- 

25 ver beams 8a, 8b so as to bridge the gap between said beams. 
The lifting appliance 50 comprises a gripping device 54, prefera- 
bly hydraulically actuated, for gripping a pipeline end section 1b 
onto which the termination structure 5 has been lowered. The 
gripping device 54 is vertically moveable in relation to the base 

30 frame 7 of the termination structure 5, preferably by means of a 
hydraulic cylinder 55, so as to allow the gripping device 54 to be 
lowered into contact with a pipeline end section lb that is re- 
ceived In the termination structure while still laying on the sea- 
bed or on a subsea foundation and allow the gripping device 54 

35 to be raised together with a gripped pipeline end section lb in 
relation to the base frame 7. 
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The operation of a connection arrangement comprising a spool 
piece termination structure 5 according to Fig 8 is schematically 
illustrated in Figs 9-15. The pipeline 1 provided with a pipeline 
hub la and a flange Id at the end section lb Is initially laid on 
5 the seabed. The pipeline end section lb Is laid directly on the 
seabed or on a fabricated subsea foundation, i.e. it does not 
have to be elevated from the seabed/foundation. Subsea metrol- 
ogy is then carried out between the pipeline hub la and the per- 
manent subsea installation to which the pipeline is to be con- 

10 nected. The results of the subsea metrology are used to com- 
plete the geometry of the spool piece 2, which Is mounted to the 
spool piece termination structure 5. The termination structure 5 is 
together with the associated spool piece 2 lowered into the sea, 
e.g. by means of slings attached to the spool piece from a sur- 

15 face vessel, and it is lowered downwards onto the pipeline end 
section lb so as to come to bear against the seabed/foundation. 
A guide line attached to a suitable location on the pipeline end 
section will assist the guiding to ensure capture of the cantilever 
beams 8a, 8b and guide plates 51a, 51b of the termination struc- 

20 ture 5 over the flange Id, as illustrated In Fig 9. The gripping de- 
vice 54 is then lowered downwards in relation to the base frame 
7 into engagement with the pipeline end section lb, as illustrated 
in Fig 10, whereupon the gripping device is made to grip the 
pipeline end section 1b. The gripping device 54 is then raised 

25 upwards in relation to the base frame 7, while carrying the pipe- 
line end section lb, so as to align the pipeline hub la with the 
clamping device 3 and release the pipeline end section flange Id 
from the guiding device 51, as illustrated In Fig 11. An alignment 
structure 20 of the above-indicated type Is then lowered down- 

30 wards Into engagement with the pipeline end section flange Id, 
as Illustrated In Fig 12, whereupon an alignment device of the 
alignment structure, e.g. of the type described with reference to 
Fig 2-4, is actuated so as to properly align the pipeline end sec- 
tion flange Id in relation to the alignment structure 20. A con- 

35 necting tool 30 comprising a pair of stroking cylinders 31a, 31b is 
then lowered downwards into contact with the alignment structure 
20 and the termination structure 5. The alignment structure 20 
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and the connecting tool 30 may both be guided into position by 
means of guide posts 60 inserted into the guide post receptacles 
18 of the termination structure 5, as illustrated in Figs 13 and 14. 
The stroking cylinders 31a, 31b are connected to the alignment 
5 structure 20 and the termination structure 5 via docketing slots 
27, 17 arranged in said structures. The stroking cylinders 31a, 
31b are then actuated so as to displace the termination structure 
5 and thereby the clamping device 3 towards the alignment struc- 
ture 20, as illustrated in Fig 15. When the displacement operation 

10 is completed, a torque applying device 32 is made to actuate the 
clamping device 3 so as to clamp together the pipeline hub la 
and the spool piece hub 2a, wherieupon a pressure test Is per- 
formed to verify the sealing Integrity. The alignment spears 25 
are withdrawn from the respective spear funnel 15 and the con- 

15 necting tool 30 and the alignment structure 20 are retrieved to 
the surface together with the lifting appliance 50 if configured as 
a separate unit. 

The torque applying device 32 may be included in the connecting 
20 tool 30 or constitute a separate unit that is moveable into contact 
with the termination structure separately from the connecting tool 
30. 

The connecting tool 30 is provided with guiding means 33 de- 
25 signed to engage with the guide posts 60 as the connecting tool 
is lowered downwards into contact with the termination structure 
5. 

The alignment structure 20 illustrated in Figs 12-15 has a some- 
30 what modified design as compared to the alignment structure of 
Figs 2-4. However, it comprises the same type of alignment de- 
vice 22, alignment members 25 and stop members 26 as the 
alignment structure of Figs 2-4. 

35 The invention is of course not in any way restricted to the pre- 
ferred embodiments described above. On the contrary, many 
possibilities to modifications thereof will be apparent to a person 
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with ordinary sl<iil in tiie art without departing from the basic idea 
of the invention such as defined in the appended claims. 
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CLAIMS 

1. A spool piece termination structure to be mounted to a spool 
piece so as to support a spool piece liub during the connec- 
tion of the spool piece hub to a corresponding pipeline hub, 
characterized in that the termination structure (5) comprises 

5 a clamping device (3) for clamping together said spool piece 
hub and pipeline hub, and that the termination structure (5) 
further comprises a base frame (7) openly shaped downwards 
so as to allow the termination structure (5) to receive a pipe- 
line end section provided with said pipeline hub by lowering 

10 the termination structure (5) downwards onto said pipeline 
end section. 

2. A spool piece termination structure according to claim 1, 
characterized in that the termination structure (5) comprises 

15 a guiding device (9, 51) for engaging the pipeline end section 
when received in the termination structure (5) so as to secure 
that the pipeline end section and the associated pipeline hub 
are properly received and positioned in the termination struc- 
ture. 

20 

3. A spool piece termination structure according to claim 1 or 2, 
characterized in that the termination structure (5) is provided 
with landing means (8a, 8b) designed to allow the termination 
structure to rest on the seabed or on a fabricated subsea 

25 foundation. 

4. A spool piece termination structure according to any of the 
preceding claims, characterized in that the termination struc- 
ture (5) comprises a lifting appliance (50) for lifting a pipeline 

30 end section received In the termination structure (5) upwards 
in relation to the base frame (7). 

5. A spool piece termination structure according to any of the 
preceding claims, characterized in that the clamping device 
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(3) is fixedly secured in relation to the base frame (7) so as to 
be displaceable togetlier witli the base frame (7). 

6. A connection arrangement for subsea connection of a pipeline 
5 to a spool piece by clamping together a pipeline hub secured 

to an end section of the pipeline and a spool piece hub se- 
cured to an end section of the spool piece, characterized in: 

- that the connection arrangement comprises a spool piece 
termination structure (5) according to any of claims 1-5, 

10 - that the connection arrangement comprises an alignment 
structure (20) designed to be connectable to a pipeline end 
section received in the termination structure (5) by being low- 
ered downwards onto said pipeline end section so as to come 
to bear against it, the alignment structure (20) being designed 

15 to receive, when it is lowered downwards onto said pipeline 
end section, at least a part of a flange of the pipeline end sec- 
tion, the alignment structure (20) comprising an alignment de- 
vice (22) for properly aligning said flange and thereby the 
pipeline hub in relation to the alignment structure when re- 

20 ceived therein; and 

- that the alignment structure (20) and clamping device (3) are 
designed to be displaceable in relation to each other when the 
alignment structure has come to bear against said pipeline 
end section and the pipeline end section flange has been re- 

25 ceived in the alignment structure so as to allow the pipeline 
hub and the spool piece hub to be mutually displaced into 
contact with each other. 

7. A connection arrangement according to claim 6, character- 
30 ized in that the alignment structure (20) is designed to re- 
ceive at least a part of a rotationally symmetric flange of a 
pipeline end section. 

8. A connection arrangement according to claim 6 or 7, charac- 
35 terized in that the termination structure (5) and alignment 

structure (20) are provided with corresponding alignment 
members (15, 25) which are designed to allow contact with 
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each other when the alignment structure (20) and the clamp- 
ing device (3) are displaced towards each other for the pur- 
pose of alignment of the alignment structure (20) in relation to 
the clamping device (3). 

5 

9. A connection arrangement according to claim 8, character- 
ized in that one of the alignment structure (20) and termina- 
tion structure (5) is provided with at least one male-like align- 
ment member (25), preferably in the form of a spear, which is 

10 designed to fit into a corresponding female-like alignment 
member (15), preferably in the form of a spear funnel, ar- 
ranged on the other of said structures (20, 5). 

10. A connection arrangement according to claim 9, character- 
15 ized in that the respective male-like alignment member (25) Is 

displaceably mounted in the associated structure (20) so as to 
allow the alignment member (25) to be retracted out of the 
corresponding female-like alignment member (15) without 
having to displace the entire alignment structure (20) in rela- 
20 tion to the termination structure (5). 

11. A connection arrangement according to claim 10, charac- 
terized in that the respective male-like alignment member 
(25) is displaceable by means of a hydraulic cylinder (28) ar- 

25 ranged In the associated structure (20). 

12. A connection arrangement according to any of claims 8-11, 
characterized in that the alignment structure (20) is provided 
with at least two alignment members (25), which are arranged 

30 In the alignment structure (20) so as to be located below and 
on either side of the centre line of a pipeline end section onto 
which the alignment structure (20) has been lowered. 

13. A connection arrangement according to any of claims 8-12, 
35 characterized in that the respective alignment member (25) 

of the alignment structure (20) Is designed to abut against the 
corresponding alignment member (15) of the termination 
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Structure (5) for the purpose of aligning tfie liub mating faces 
at displacement prior to their mutual contact for final align- 
ment. 

5 14. A connection arrangement according to claim 12 or 13, 
characterized in that the alignment structure (20) is provided 
with at least two stop members (26), which are arranged in 
the alignment structure (20) so as to be located above and on 
either side of the centre line of a pipeline end section onto 

10 which the alignment structure (20) has been lowered, the. re- 
spective stop member (26) being designed to abut against a 
corresponding stop member (16) of the termination structure 
(5) in the purpose of aligning the hub mating faces at dis- 
placement prior to their mutual contact for final alignment. 

15 

15. A connection arrangement according to any of claims 6-14, 
characterized in that the alignment device (22) of the align- 
ment structure (20) comprises at least one force applying 
member (22a) for forcing a received pipeline end section 

20 flange against an abutment (23) of the alignment structure. 

16. A connection arrangement according to claim 15, charac- 
terized in that the alignment device (22) of the alignment 
structure (20) comprises at least three force applying mem- 

25 bers (22a) spaced apart in the circumferential direction of a 
received pipeline end section flange for forcing said pipeline 
end section flange against said abutment (23). 

17. A connection arrangement according to any of claims 6-16, 
characterized in that the termination structure (5) is designed 
to receive a remotely operated connecting tool (30) provided 
with force applying means (31a, 31b) for displacing the 
clamping device (3) and the alignment structure (20) in rela- 
tion to each other. 

18. A connection arrangement according to claim 17, charac- 
terized in that the termination structure (5) is provided with 
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guiding means (18) designed to co-operate with correspond- 
ing guiding means (33) on tlie connecting tool (30) so as to 
guide the connecting tool into a correct position in relation to 
the termination structure when the connecting tool is lowered 
5 downwards into contact with the termination structure. 

19. A connection arrangement according any of claims 6-18, 
characterized in that the clamping device (3) is displaceable 
in relation to the alignment structure (20) by being displace- 

10 able together with the other parts of the termination structure 
(5) in relation to the alignment structure (20). 

20. A method for subsea connection of a pipeline (1) to a spool 
piece (2) by clamping together a pipeline hub (la) secured to 

15 an end section (1b) of the pipeline and a spool piece hub (2a) 
secured to an end section of the spool piece (2), wherein the 
following steps are performed: 

- a spool piece termination structure (5), to which the spool 
piece hub (2a) is mounted and which comprises a clamping 

20 device (3), Is made to receive the pipeline end section (lb) 
and the associated pipeline hub (la) by lowering the termina- 
tion structure (5) downwards onto said pipeline end section, 

- the pipeline hub (1a) and the clamping device (3) are dis- 
placed towards each other so as to bring the pipeline hub (la) 

25 and the spool piece hub (2a) with the clamping device (3) into 
contact with each other, 

- whereupon the clamping device (3) is activated so as to 
clamp together the pipeline hub (la) and the spool piece hub 
(2a). 

30 

21. A method according to claim 20, characterized In: 

- that an alignment structure (20) is connected to the pipeline 
end section (lb) received In the termination structure (5) by 
being lowered downwards onto said pipeline end section so 

35 as to come to bear against it, the alignment structure being 
made to receive, when it is lowered downwards onto the pipe- 



wo 2004/106696 



23 



PCT/IB2004/001762 



line end section (1b), at least a part of a flange (Id) of the 
pipeline end section received in the termination structure, 

- that an alignment device (22) arranged in the alignment 
structure (20) thereafter is activated so as to properly align 

5 said flange (1d) and thereby the pipeline hub (la) in relation 
to the alignment structure (20), and 

- that the clamping device (3) and the alignment structure (20) 
thereafter are displaced towards each other so as to bring the 
pipeline hub (la) and the spool piece hub (2a) with the clamp- 

10 ing device (3) into contact with each other. 

22. A method according to claim 21, characterized In that the 
alignment structure (20) is made to receive at least a part of a 
rotationally symmetric flange (Id) of the pipeline end section. 

23. A method according to claim 21 or 22, characterized in that 
corresponding alignment members (15, 25) of the termination 
structure (5) and the alignment structure (20) are brought into 
contact with each other when the clamping device (3) and the 
alignment structure (20) are displaced towards each other so 
as to properly align the pipeline hub (1a) in relation to the 
spool piece hub (2a). 

24. A method according to any of claims 20-23, characterized in 
25 that the alignment structure (20) and clamping device (3) are 

displaced in relation to each other by means of a remotely 
operated connecting tool (30) provided with force applying 
means (31a, 31b) for displacing the clamping device and the 
alignment structure (20) towards each other. 

30 

25. A method according to any of claims 20-24, characterized in 
that the pipeline hub (la) and the clamping device (3) are 
brought into position to each other by displacing the clamping 
device (3) together with the other parts of the termination 

35 structure (5) in relation to the pipeline hub (la). 

26. A pipeline termination to be applied to the end section of a 
pipeline so as to allow the pipeline to be connected sub-sea 



15 



20 



wo 2004/106696 



24 



PCT/IB2004/001762 



to a spool piece, the pipeline termination (1e) comprising a 
pipeline hub (1a} designed for connection to a corresponding 
spool piece hub, characterized in that the pipeline termina- 
tion (1e) further comprises a flange (Id) located behind the 
5 pipeline hub (la) and designed to constitute a reaction shoul- 
der for use in the alignment and displacement of the pipeline 
termination (1e) and the associated pipeline hub (la) in rela- 
tion to said spool piece hub. 

10 27. A pipeline termination according to claim 26, characterized in 
that the flange (Id) is rotationally symmetric. 
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